lymphocytes are a major source of antibodies and that both lymphocytes and antibody formation are under pituitary-adrenal control. Thus, in the opinion of these investigators, the injection of adreno-cortical hormones is followed by involution of lymphoid tissue, dissolution of lymphocytes and the release of normal or immune gamma globulin.
These far-reaching conclusions are by no means universally accepted. Many investigators, approaching the problem from widely different angles, have entered the field. The literature on the subject has become vast and appears in a diversity of journals. The present review is an attempt to bring together the experimental evidence and, where possible, assess its value.
II. LYMPHOID TISSUE I. Lymphocytes and the Production of Antibodies McMaster and Huddack (1935) published the first experimental evidence for the production of antibodies in lymph nodes. These workers found that when heat-killed suspensions of bacteria were injected intradermally into the ears of mice, agglutinins appeared in the lymph nodes draining the corresponding ear about seven days later. At this time agglutinins had begun to make their appearance in the blood stream, but usually at a lower titre. No agglutinins were found in the lymph gland draining the opposite ear until about the twelfth day. Amputation of the injected ear two hours after injection did not affect the result.
Two years later McMaster and Kidd (I937)
showed a similar early production of antivaccinia virus principle in the lymph nodes draining the ear after injection of this antigen.
These observations have been greatly extended by the work of Ehrich and Harris, T. N., and their colleagues. In early studies Ehrich Wohltrab, 1934, and Voigt, 1934) failed to find a correlation between reticuloendothelial proliferation and antibody titres following the injection of a staphylococcal vaccine, whereas the rise in antibody titre was found to parallel the activity of the Malphighian bodies of the spleen. Since the active cells in the latter were thought to be lymphoblasts, this led to a series of investigations into the production of antibodies by lymph glands. Ehrich and Harris, T. N. (1942) , working with rabbits, injected typhoid vaccine into the left hind-foot-pad and sheep's red blood cells into the right. The subsequent appearance of agglutinins and haemolysins in the popliteal lymph node and afferent and efferent lymph was compared with histological changes in the lymph node and the output of lymphocytes. Antibody tities in the foot tissue and afferent popliteal lymph never reached significant levels. In the efferent lymph on the corresponding side antibodies began to appear in two to four days and reached their maximum level after six days. Their appearance was preceded by a sharp rise in the output of lymphocytes through the efferent lymph and. by lymphatic hyperplasia in the lymph gland. Harris, T. N., et al. (1945) gave rabbits similar injections and five, six or seven days later collected lymph from the efferent lymphatic of the popliteal nodes. The antibody content was estimated for whole lymph and for lymph plasma and cell extract separately. For the latter, the lymphocytes were separated by centrifuging, suspended in saline and extracted by freezing and thawing three times. In every case the cell extract gave higher antibody titres than the plasma, and the average difference was four-fold. When lymphocytes containing one type of antibody were suspended in plasma with the other type there was no uptake of antibodies by the lymphocytes but a release of antibodies. from the cells into the suspension. The authors, therefore, concluded that the lymphocytes did not simply absorb antibodies but were concerned in their formation. Essentially similar results were obtained by S., and Harris, T. N. (1949) , when influenza virus was used as the antigen. In contrast to the high antibody titres occurring in the efferent lymph of the lymph, node draining the site of injection only insignificant titres were found in the tissue at site of injection, although this contained many macrophages (Ehrich et al., 1946) .
It was assumed from the above experiments that the lymphocyte was concerned with the production of antibodies. Since, however, lymphocytes are not phagocytic cells, it occurred to Harris, T. N., and Ehrich (1946) that particulate antigens must be converted to a soluble form before they are available to the lymphocytes. Harris, T. N., and his colleagues. Thus Kass (1945) has demonstrated the presence of gamma globulin in human lymphocytes obtained from the mesenteric lymph nodes. (I947) showed that during immunization plasma cell proliferation occurred in almost all organs except the thymus, and that the latter showed only very small amounts of antibody. In a review of all the work of these Danish authors Gormsen (1950) concludes that the plasma cells are antibodyproducing functional stages of reticulo-endothelial cells.
More recently, Ringertz (I947, 1948 and 1950 Miller (1950) showed that adrenalectomy increased the resistance of thymocytes and lymphocytes of rats to colchicine, podophyllotoxin and nitrogen mustard, although the animals themselves were more sensitive to these compounds after adrenalectomy. For a detailed study of the effect of nitrogen and sulphur mustards on lymphopoietic organs the reader is referred to Kindred (I947)- Zylberszac (193i) Most of the above workers were studying the effect of a single injection. Yoffey and Baxter (1946) Injections of adrenaline have also been found to cause involution of lymphoid tissue in guineapigs (Delaunay et al., 1949) , and conditions which cause a discharge of endogenous adrenaline such as haemorrhage, emotional excitement or insulin hypoglycaemia apparently have a similar effect in rats Frank, 1948 and and Zwecker, 1948 Lymphopenia following the injection of ACE has been observed in rats (Dougherty and White, I944; Yoffey et al., 1946; and Netter and Mathe, 1949) , rabbits (Dougherty and White, I944) and hens (Shapiro, I949) . A similar change after ACTH has been reported in rats (Dougherty and White, I944; and Reinhardt et al., I944) , dogs (Reinhardt et al., 1944) , rabbits (Dougherty and White, I944; and Fischel et al., I949) , hens (Shapiro, 1949) showed a similar action of thyroxine on the lymphoid tissue of mice.
Chiodi (I940) found that male (testosterone) and female (estrone or estradiolbenzoate) sex hormones caused atrophy of thymus in rats and Persike (I940) recorded that pregnancy in young mice led to thymus involution. Reinhardt and Wainman (1942) , working with male rats, found that castration increased, whilst injections of testosterone decreased, the weight of thymus, lymph nodes and spleen.
The spleen appears to play some part in the lymphopenia induced by adrenal hormones. Thus Drury (I949) found that in rats adrenaline produced lymphopenia only if the adrenal glands and spleen were in situ. Ungar (I944 and 1945) has recorded that the 'alarm' reaction is -inhibited by splenectomy. From his studies on the part played by various glands in response to shock, he concluded that the pituitary responded to injury by secretion of ACTH, which led to the release of an adrenal product which stimulated the secretion of a splenic substance.
3. Pituitary-Adrenal Control of Antibody Formation In I944, Swingle and Rimington, in a review of the role of the adrenal cortex in physiological processes, drew attention to the fact that adrenalectomy lowers the resistance of animals to the injection of many antigenic substances. Thus adrenalectomized animals have been shown to be highly susceptible to small amounts of diphtheria toxin (Belding and Wyman, I926) , typhoid vaccine (Take and Marine, 1923) , bacterial infection (Jaffe, H. L., and Marine, 1924; and Scott, I927) , foreign cells Marmorston-Gotterman, 1928 and and foreign serum (Flashman, 1926) . Perla and Marmorston-Gotterman (1928 and I929) further showed that this lowered resistance was associated with a reduced capacity to form antibodies. Later workers recorded that resistance of adrenalectomized animals was restored to normal by injections of ACE (Hartman and Scott, 1932; and Ettelson, 1941) . Fox and Whitehead (1936) Craddock et al. (1949) , working with cats inoculated with typhoid vaccine, failed to demonstrate any change in the antibody content of thoracic duct lymph, following the injection of ACE. Murphy and Sturm (I947) found that adrenalectomized rabbits with hypertrophied lymphoid tissue produced antibodies to horse serum far in excess of intact animals. Reduction of lymphoid hyperplasia by administration of ACE did not reduce antibody formation. This may have been due to a disruptive action of the hormone onlymphocytes leading to a more rapid release of immune globulin, but the authors concluded that it meant that antibody formation was not under the control of the adrenals.
Germuth and Ottinger (I950) studied the effect of compound E and ACTH on the Arthus reaction and antibody formation to crystalline egg albumen in rabbits, and found that both substances inhibited sensitization and suppressed antibody formation.
A series of papers by Stoerk and his colleagues also attack the findings of Dougherty and White.' The first investigation (Eisen et al., I947) is con-' cerned with the effect of adrenalectomy with or without injection of ACE on the production of antibodies by rats to a pneumococcal vaccine and sheep's red blood cells, both given to the same, animal. They conclude from their observations that ACE may exert a transitory influence on the distribution of pre-existing antibodies, but that" adrenal cortical activity has no prolonged effect on the production or release of antibodies and gamma globulin. A further paper (Stoerk et al., I947) dissolution. Other workers, however, draw attention to the transitory nature of the phenomenon and suggest that a temporary failure of production is more probable. In support of this is the fact that ACE has no dramatic effect on lymphocytes in vitro. The apparently increased number of degenerative pycnotic cells described by Dougherty and his colleagues in lymph nodes after injection of ACE or ACTH might be apparent rather than real resulting from a diminution in the number of healthy lymphocytes. In view of the rapidity with which the changes appear, however, some degree of lymphocytic dissolution seems probable. Excessive removal of lymphocytes from the blood, for example by the bone marrow as suggested by Yoffey et al. (I95I) , may play a part. In this connection it is noteworthy that gluco-corticoids may in large doses inhibit the reproduction of many cells of the body, particularly fibroblasts (see Ragan et al., 1949; Aterman, I950; Coste, Basset and Delaunay, 1951; and Barber and Delaunay, 195I 
